The structure of Zr 60 Cu 20 Fe 20 metallic glass has been studied with high-energy x-ray diffraction, neutron diffraction and extended x-ray absorption spectroscopy and modelled with the reverse Monte-Carlo simulation technique. It is found that Cu and Fe atoms prefer Zr as a nearest neighbour. 
Introduction
Glass formation in the Cu-Fe-Zr ternary system and in the Zr 60 Cu 20 Fe 20 alloy in particular has been studied earlier [1] [2] [3] [4] . The Zr 60 Cu 20 Fe 20 composition is important because it provides a base for the quaternary bulk metallic glasses in the (Zr x Cu 100−x ) 0.8 (Fe 40 Al 60 ) 0.2 system reported recently [5] . These glasses are interesting for biomedical applications, for example as implants. The interest in this system is also caused by the principal difference between the binary system Cu-Fe and the other two systems (Cu-Zr and Fe-Zr) limiting the concentration triangle Cu-Fe-Zr. The binary systems Cu-Zr and Fe-Zr are characterized by a negative heat of mixing and formation of a series of binary compounds and eutectic alloys in the crystalline state [6, 7] . Both Cu-Zr and Fe-Zr binary systems demonstrate a high glass-forming ability [8] [9] [10] [11] [12] [13] . In contrast, the heat of mixing of the Cu-Fe binary system is positive and the mutual solubility of Cu and Fe is very low in the solid state [6, 7] . There is a liquid-liquid miscibility gap in the supercooled Cu-Fe liquids [14] . Cu-Fe alloys show almost zero glass-forming ability. Formation of an amorphous phase has only been reported for the thin Cu-Fe films (about 60 nm thickness) upon application of high energy (300 keV) ion mixing [15] .
Inoue et al [1] found that there is a two-stage endothermic reaction for Zr 70 (Cu-Fe) 30 metallic glasses upon annealing at temperatures below the glass transition temperature T g . This was explained by the difference in the bonding among the constituent elements and the differences in the atomic rearrangements by the structural relaxation. The low-temperature endothermic peak was attributed to local and medium-range rearrangements of Cu and Fe atoms with weak bonding, while the hightemperature endothermic reaction was related to the long-range co-operative regroupings of Cu-Zr and Fe-Zr pairs.
Michaelsen et al [2] studied Zr-rich Zr 100-x (Cu-Fe) x (24 ≤ x ≤ 50) metallic glasses with different Cu-Fe ratio by means of Mössbauer spectroscopy. Based on the analysis of the experimental spectra it was suggested that Fe atoms prefer Zr as nearest neighbours similar to the short-range ordering in the binary Zr 2 Fe amorphous phase, i.e. in other words, Fe was concluded to not substitute for Cu isostructurally in the Zr-rich ternary glasses. Zhou et al [3] observed that X-ray photoelectron spectra (XPS) of ternary Zr 76 (Fe x Cu 1-x ) 24 metallic glasses can be roughly decomposed into two independent contributions from the state of the respective binary metallic glasses Zr-Fe and Zr-Cu, which might be interpreted as an evidence of phase separation in the ternary Zr-Cu-Fe metallic glasses. However, it was also found in [3] Pieces of amorphous ribbons were filled into a thin-walled (0.1 mm) vanadium container of 7 mm diameter. The raw data were corrected for the detector efficiency and background scattering.
Experimental
Attenuation due to the sample absorption was estimated according to [18] .
The EXAFS measurements at the Cu and Fe K-absorption edges were carried out at the HASYLAB beamline X [16] . The spectra were collected in the transmission mode using fixed exit double-crystal Si(111). The intensities before and after the sample as well as after the reference samples were recorded by three ionization chambers filled with a mixture of Ar/N 2 (~10% absorption), Ar (~50% absorption) and Kr (~100% absorption), respectively. The x-ray absorption cross sections μ(E) were converted to χ(k) by standard procedures of data reduction using the program VIPER [19] .
The experimental XRD and ND structure factors as well as k 3 weighted EXAFS χ(k) curves are shown in Fig. 1 .
Results and discussion
The reverse Monte Carlo simulation technique [20, 21] has been successfully applied in a number of studies carried out on liquid and amorphous alloys. In this method, large-scale atomic models compatible (within experimental uncertainty) with experiments and physical constraints (e.g. density, coordination constraints) are generated (for details, see for example [11, [21] [22] [23] [24] ). In the present work, the rmc++ program [21, 25] has been used. The simulation box contained 24000 atoms with the proper stoichiometry. The number density of the system was 54.16 nm -3 calculated from the mass density 7.07 g/cm 3 . EXAFS backscattering coefficients needed to obtain the model χ(k) functions were calculated by the FEFF8.4 program [26] . Initial configurations were obtained by putting atoms randomly in the simulation box. In the next step, the atoms were moved around to satisfy the cut offs. Then the experimental diffraction datasets were fitted and coordination constraints were introduced if needed. The EXAFS spectra were added only in the final step. An important difference of diffraction and EXAFS is that the latter is a short range order technique insensitive to long range order fluctuations (and density). 
